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. ABSTRACT

The results of twelve tests of huli-deckhouse
interaction are presented and discussed. The tests were
carried out on the University of California Ship Structures
Static Test Machine (Ref.[2]), using a 42-foot long :
longitudinally framed box girder with a 22~foot long two
level deckhouse. This is a continuation of a previous
report (Ref.[4]) in which tests were conducted using a
single level deckhouse.
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Deflections of hkull and deckhouse were measured.
Stress distributicns along :three transverse sections and ;
along the deck to deckhouse: joint were calculated from
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measured strains.

3

I

o

o

Three bending moment distributions and two dectv
support arrangements were used in the test program. The
experimental resuits are compared with results from finite
element analysis and two other theoretical methods of
analysis of hull-deckhouse interactionm.
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I. INTRCDUCTION

This report presents the results of a series of twelve
structural tests performed to study hull-deckhouse interaction.
The model, testing apparatus, instrumentation, and testing
method are detailed in Section XI. The p-evious series of tests
(Pef. [4)) were performed using a single deckhouse, whereas
this series of tests was conducted using a two level deckhouse.

The presentation of the experimental data and the
computation of the stresses are outlined in Section III.

et OB s o S e upirisel BH AT S sy e AN b T AR

The finite element analysis is outlined in Section IV.

Two other theoretical methods of stress analysis are

T

described inm Section V.

In Section VI, the experimental results are discussed.
21so, the differsnt theoretical methods of analysis are evaluated
in this section.
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II. EXPERIMENTAL EQUIPMENT AND METHODS

1. Structural Model

A detailed description of the ship structural model is
given in Ref.[4]. It is a longitudinally framed box girder,
42 feet long, 8 feet wide and 56 inches deep, with an attached
22-foot long deckhouse. For these tests the model was modified
by adding a second level to the deckhouse.

A transverse section in way of the deckhouse is shown in
Figure l.- A photograph of the intzrior of the hull model is
shown in Figure 2. The model has nc conventional transverse
bulkheads. The restraint to vertial deformation of the main
deck provided by such bulkheads i. simulated by a number of
étanchions attached to the deck, along the bond between deckhouse
side and deck, and extending to the Lilge of the model. When it
is desired to make a stanchion effective, a spacer is inserted
between the overlapping portion cf the flanges of the upper and
lower parts of the stanchion and the two are firmly bolted tcgether.

The model deckhouse construction plan is shown as Figure 3.
The two decks of the two-level deckhouse are bolted to the sides
and ends of the deckhouse with 1/4-inch bolts on 3-inch centers.
Ali other structural joints are welded. The diaphragm plate,
shown in Figure 3, was installed on one end only. At the other
end, the deckhouse was welded directly to the upper deck of the

hull girder.

2. Load Application

The test model was subjected to static loads on the Ship
Structures Static Testing Machine which is located at the
University of California Richmond tield Station and described
in Ref.[2]. The model rests cn sevenr bags of equal sizec which
cover its entive bottom area. Each bag has its andividual control
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valve and can be subjected to air pressures ranging from +12 3 ;é
to ~12 psig; this feature allows application of positive and ) ’ ‘E
negative loads to each of sevzn transverse sections of the test %
model under investigation. When not under tests, the model is - §
suspended at its four corners by means of turnbuckles. During 3
the entire test the pressure in two of the seven bags is adjusted 'i%
to carry the weight of the model, so that the forces in the ;%
turnbuckles decrease to zero. This is continucusly checked by ,é

Pl

%}ii

recording the forces on a 4~track Sanborn, Model 154, strip

chart recorder (Figure 8).
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3. Strain Gage Instrumentation A
A strain gage map showing the location of the 524 gages fé
applied to the modei is shewn in Figures 4 and 5. Figure 2 is £§
an expanded view of the deckhouse and the first level deck of %%
the deckhouse. Figure 5 is an expanded view of the hull girder. ;%
Gages are distributed along three transverse sections of the :é
hill and deckhouse, and along the joint of the deckhouse sides }%
and ends to the main deck. ‘ ;g
Gages are generally applied to both sides of the plate in <§

order to obtain the "heart-of-plate" strain. All gages are of ;g
etched foil type, with a resistance of 1202 . Three different ) §
sizes of these gages have been selected to suit the requirements ) é
at different locatiofis. Those used for all 3-gage rosettes é
were 1/4" x 1/8". In positions 713 to 721, ready-made rosettes f%
with 1/8" x 1/16" gages were installed, In all other locations, é
172" x 1/4" gagés were ased. The strain gages were connected ) :E
to bri idge completion boxes (Figure 7). Each box has thirty-six J%
terminals. Thirty-five terminals were used for active gages, the - %
remaining terminal was connected to a dummy gage {resistor). : 5%
The stréins were measured automatically in an electronic data ) } §
acquisition sysStem (Figure 9) and recorded on magnetic tape. A % §
description of the electronic system is given in Ref.[l}. % %
R
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x@@ Deflection Instrumentation

A total of seventeen dial gages weré. used to measure the
relative deflection of hull and deckhouse. The distribution of
these gages is shown in Figure 6. All gages were attached to ) s
two trusses running along the outer edges ®f the main deck and
supported only near the ends of the hull. Gages lecttered A to K
were used to measure the deflection of the hull along the deck
edge. Gages numbared 1 to 6 gave the deflection of the deckhouse
as measured at the edge of the deckhouse deck. Gages 5, 6, F,
I and J were installed to cherk the symmetry of the deflections
abéut both axes of the model. Some of the wages can be ssen in
Figure 7, which is an end view »f the deckhouse, lodking aft.

The lowest rasclution reading of the deflaction gages was

0.001 inch.

5. Test Conditions

] Lecad and stanchion support conditions of the twelve tests
discussed in this report are summarized in Table 1. The last
letter in,ihe designation given to each test {S or H) represents :
sagging or hogging. Net pressures applied by each of the bags
are listed in Table Z. The odd values of pressure result from
setting the pressure regulators in units of om. of Hg rather than

6. Test Methods

Each experiment ccusisted of reading strains and deflections
at each of three lcad conditions. The firs% and third load condi-
tions, designated initial and final, have the modz=l afloat un

.Eags 3 and' 5. The second, or test step, has the model under - ' :

pressures corresponding to those listed in Tablie 2. Bags 3 and 5
have an additional pressure suificient to float the loaded model.
In general the pressure in bags 3 and S is approximately the sum
of the pressur2 in sither the initial and final step and the nominal-
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ﬁest'pressure. Any deviation is due to pull on the mcdel
- .periphery by the strap sealing the vacuum surrounding the
precsure bags. A detailed description of the test procedure is

S ATV

aiven in Ref.[l].
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IIX. EXPERIMENTAL RESULTS

i. Presentation of Deflection Data
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As- shown in Figure 6, dial gages were distributed port
and starbozrd on both the main deck edge= and the deckliouse edge.
The gages on the starboard side were installed to check the
symmetry of the deflections about the longitudinal axis of the

T DA

model. Thé maximum difference bhetween port and starboard
readings was 4'10-3 in. . The maximum difference between deflection
readings for, hogging and sagging was 3.1073 in. FPor these reasons,

SERGAVEN. e

only port deflections in hogging were plotted.

h\l’i’fls i

o

Defiection readings are shown in Appendix A. A .correction
had ¢ be made on the deflection readings because the trusses
were supported at 18" from the ends of the main deck and not at
its ends. The correction was obtained by extrapolation of the
deflection curve to the end of the deck (see Ref.{[1]). Corrected )
values are listed in Table 4 and plotted in Figures 11-16. ;
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2. = Computation of Strains and Stresses

‘The strain data are stored on magnatic tape in binary coded
,deﬂimal Tcrm. During one test of three runs, 1572 values are

AR Mo

& )
S ',
N RS
an

btained from 524 strain gages. Each value, called a sample, )
ccn51stssef & Cigits representing a number from ¢ to 12000 and fz

a sign. ZIwe computer procrams, reproduced in Appendix B, are - 24
used to process the strain readings. . %
. N -"';g

3

A proyram DATDUM? serves to read the data from tape and to
~ punch them on caxd- .in a convenient form. Fach card contains

(s
\

N

A

the inpitial, test, and final readings (runs} for two atra1n gages.
‘Simultanesusly, a printout of the data is mage.
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A second program, called STRESS serves to read and process - E%%

the data obtained with DATDUMP. Had data with non~interpretable ;i%
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digits are changed to zerc and listed for identification. The
readings are then converted into strain values by multiplicaticn

with a calibration factor (Statement 30610). "I" is an index ' N
assigned to each strain gage consistent with the chronological

Iy

I A R e

SRR

crder in which the gages are scanned. The strain readings X(I)
are then assembled for each position (Statements 14 through 742).
Note that the position numbers are identical with the statement
numbers. The designations A through Ag refer to the direction
and location of the gages according to the comment cards following

statement 240C. For a definition of longitudinal, transverse
The values of Al to A6

‘]

i

3
e

A

~ and diagonal directions, see Appendix B.
are printed in the last six c¢olumns of Tables 5 to 10.

st

7N
N

Stresses are computed for each position number in Statements
2501 to 2505, assuming the following values for the material

il

i

constants:

i Ve
i fmkd&)é

E = 3 x 19% ibs/in® Modulus of elasticity |
= 11 x 10% 1bs/in? Shesar mcdulus ;

v =190.3 Poisson's constant é%
o

e

." 32

The stress values are printad cut in the first S coluwmns of

Tables S;to 10. Some wvalues are plotted in Figures 11l to 27.

’a

Hiaeina PY A ARROIER s

L,

et - M - s .
A = - = - kS

) e
O NS P

e R R e % . N
! ¥ i T Y A vy o R
i s e




g A | PR RIS N i
TN crvr ?‘J,W.mg.w 4 S
.

Ml kA

i oo R4

o

e v A 2 MY UL

s T Lo MRS

]
3

¢

Y

s

IV. FINITE ELEMENT ANALYSIS ’

-The finite element analysis is based on procedures ia
which the real continuous structure is approximated by an
assemblage of simpie structural clements. Conditions of equi-
iibrium of forces and compatibility of displacements are
required to be satisfied at discrete locations throughout the :
approximating structure. This results in the reduction of the ;
problem to the solving of sets of simultaneous eguations relating ;
these forces snd displacemants.

The degree of approximation involved varies, depending on
the size of the mesh used in subdividing the structure into
elements, but satisfactory convergence to the exact solution
is generally obtained if the mesh size is made sufficiently
small. One should see Rei.[7] for a more complete description
of this type of analysis.

It is necessary to use a very fine mesh when examining
regions of high stress concentration, such as the connection of
a deckhouse end structure to the hull, resuvlting in excessive
demands on computer capacity. A prccedure is outlined in Ref. (7]
whereby one may examine closely, by a succession of refinemeénts,
small regions of interest in a large structure.

In the analysis used here, -one-guartexr of the deckhouse

long centerline & midships) was used in step one. These

zesults were plotted agairst the experimental data at the three

cross sections, Figures 11-18. 1In the vicinity of the deckhouse ;
end, two refinements were made in the size of the segment examined,
and the results of step three werec plotted against the experimental
data, Figures 22-27. '

The bcundaries used in the different steps are shown in 5
Figure 10. - ' ‘
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V. OTHER TEEORETICAL METHODS

Two other more simplified methods of analysis were
used to analyze the stresses at the midship section. The
first one was proposed by Kammerer, Ref.[6], and the second

one was proposed by.Schade, Ref.{10].

Kammerer's method for calculating the stress distribution
across hull and deckhouse utilizes semi-empirical results of
- fullscale experiments to evaluate the effect of differential
deflections between deckhouses and their hull girders. These
data have beea incorporated into an analytical treatment of
the prcblem based on plane stress theory. Shear lag is taken
into account in figuring the "equivalent area"” of the deckhouses,
" but is not considered in the hull girder analysis. The design
charts given in Kammerer's paper are plotted using full ship
dimensions, and it was therefore necessary to extrapolate model
scantlings to full-scale. Calculations for one case are shown
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in Appendix E.

Schade's method for calculating the stress distribution
across hull and deckhouse is also based on plane stress theory,
but differs from Kammerer's in that shear displacement 1is
accounted for in the sides of the hull and deckhouse and shear
lag i the hull girder is included. The last item allows the
stress at the deckhouse~hull connection to be different from
the stress at the hull side. This method does not depend on
empirical data, but instead upon the evaluation of a deck flexi-
bility factor "K". The values of K" were determined expeximentaily
in Ref.[3] to be 650;psi for the all stanchions joose condition
and 34,000 psi for the all stanchions fixed condition.
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vourier ccefficients for the cvxpansion of the thuee bending
moments used in the experiments are listed in Appendix D.

‘The nomenclatura for Schade's method is reproduced in

Appendix E, along with calculations for one case.
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Both of these methods were based on the simplifying
assumption that the bending moment could be expanded into one
constant term and one sinusoidal term. This is a good assumption
in most cases, but will not hold in the case of bending moment
"Cc", a "saddle form" bending moment. It was therefore necessary
to return to the basic formulation of the eguations and rederive
them based on "n" sinusoidal terms. This was done for Schade's
methods using Reference [9]. The new eguations are shown at

the end of Appendix E.
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First a new eguation for "r" was developed and is shown
as Eq. E~8A. Next, using the new assumption for bending moment
{Eq. E-9A), a new equation for ”pf" was obtained and is shown
as Eq. E-10A. The first four tevms of Eq. E~10A are from the
homogeneous solution and the last two terms are from the partic-
ular solution of the differential equation. The first four terms
have coefficients which must he evaluatedjusing the boundary
conditions. All six terms must be evaluated for each term of the
moment expansion. Because "p" will be different for each term
of the moment expansion, all of the "=ffe-tive" geometric prop-
erties; and coefficients calculated from these, have to ke re- .
calculated for each term also. Figures 33 and 34 were obtained

eduritioitn
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using a three term expansion.
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VI. DISCUSSION

As stzted, this report is a continuation of a previous

report (Ref.([4]). The main reason for conductin> this series

of tests was to find what effect the addition of a two-~level
deckhouse would have on the previous experimental results.
Another reason was to further check the various theoretical

methids of predicting stress. Only the two extreme stanchion

support conditicns were used (no stanchions, and all stanchions

Three bending moment distributiors were used, instead

fixed).
previocus variaticn

of five as in the previous work, since the
in moment distribution gave no significant
tudinal direct stress distribution (except

variation in longi-
for "saddle~form"

bending moment “"C").

The experimental results followed the same basic form as
shown in Part I (Ref:[4]1), the only major difference being the
reversal of siress in the deckhcuse in the "no stanchion”
condition. Where, in the one-level deckhouse experiments, the
stress would decrease as one moves from the hull girder to the
deckhouse top, now the stress decreases and reverses sign below

the deckhouse top. This could nave been expected from extra-

polation of the previous results, but goes against intuition.

In Figures 11-16, the experimental longitudinal stresses
and deflections are-plotted along with the theoretical finite
element values. The two agree veryv well, although the finite
element deflections and stresses are generally slightly less
than experimental values for moment distributions "A" and "B",
and slight@y greater than experimental values for moment Qistrib-

ution "C".

In Figures 17 and 18, the experimental longitudinal stress

distributions amidships are compared. They are basically the

same as shown in Part 3 (Ref.[d4]). except that the second level
of the deckhouse has lessened the eoffect of moment distribution on

deckhouse stresses. The plots were obtained by multiplying the
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computed stresses for each moment distribution by the ratio
of the midship vzliue of bending moment "C" to the midship value
of their respective bending moments.

Figures 19-21 are again similar to those of Part I.
These figures show the shear and vertical stresses at the deck-
house-hull bord. They show, as exp=cted, highest vertical
stresses at the deckhouse end and over the midship stanchions
and frames (higher values when stanchions are in place). They
show high shear stress at the deckhouse end, continuously
decreasing to zerc at amidships.

Figures 22-27 compare the experimental values of vertical
and shear stress with the theoretical values of the third step
finite element analysis. There is generally good agreement
between the two wvalues,, especially for the veréical stress.

These figures again show the difficulty of obtaining accurate
values at the coraers, due to the finite sive of the strain gages.
Because ¢f the very steep stress cradient. it is impossible to
measure the maximum stresses involved.

Figure 28f showis a comparison of the values obtained by
Kammerer's and Schade's methods for a typical bending moment.
This shows that Xammerer's method will give results between the
two extremc values of Schade's method, but that it gives results
much clecser Lo the rigiﬁ deck extzeme:than to the flexible extreme.
This should be expected since most naval ané passenger ships
upon which the empirical data are based have fairly rigid main
deck support. For this reason, in Figures 29-34, Kammerer's
method is oniy comparad with experiment for the "all stanchions
fixed®™ condition.

In Figures 29-34, the experimental results at amidships are
plotted along with Kammerer's and Schade's methods. The comparison
is generally good. is stated in Section V, it was necessary to
extend Schade's metiod in order to cobtain reasonable corfelation

A AL s T LR s ST A SR b iy S TR AR o 155 S i R s o i 9 i, ot
P e R R R TN 6 i i o AR R AR T R s R S S g AR e e e v -
s . : ACESe i B -

R A T B A S 1 TN 3525 05 T S R o P il W i S B S St W NSRRI -t

[N 5 N

AN A PP N

iy
\

.
A

w* l;\‘,“&‘

¥

5
)
R




ST T e Ay

between expe-imental and theoretical results {nr bending moment
v,

Kammerer's method will give a reasonably good approximatioh
of stress when very little information is available on the ship's
structure. It is ky far the simplest method to apply, buﬁ,
requires that the-bending moment be of simple sinuscidal shape.

Schade's meithod also aives a good approximation of stress,
but requires the finding of a deck flexibility factor (whicnh makes
it more versatile). It is fairly simple to apply, unless more
than one sinuesidal term is regquired to approximate the bending
moment distribution, which compiicates the problem somewhat.

The finite element methcd can, of course, be the most

accurate, but alsn reguires the greatest amcunt of woxk to solve

a problen.
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